Objective: To evaluate the accuracy of computed tomography (CT) in evaluation of patients with acute cervical spinal injury. Design: Retrospective case series. Setting: Three major public emergency departments in the southern hemisphere. Methods: We performed a retrospective review of patients with neck injury aged at least 16, with CT cervical spine examinations performed for blunt trauma over a 6 month period (1 January 2011 to 30 June 2011) and magnetic resonance imaging (MRI) cervical spine performed for same indications over two and a half years (12 January 2010 to 22 June 2012). Results: Acute cervical spine trauma was present on CT in 35 of 783 patients (4.5%) and on MRI in 98 of 206 patients (48%). Eleven of the 35 patients (31%) with CT confirmed trauma did not meet the Hanson criteria; the majority were at least 60 years of age and none had unstable injuries. CT is 100% sensitive in excluding an unstable injury if there is no soft tissue abnormality or fracture (with MRI as gold standard). An abnormal CT (including subtle paravertebral fat stranding) is often non-specific and often cannot reliably confirm an unstable ligamentous injury. Close attention to soft tissue axial and sagittal soft tissue CT reconstructions is important, as abnormalities can be subtle. 
Introduction
The NEXUS criteria 1 is a well-established clinical tool to determine which patients require cervical spine imaging in the trauma setting. This criteria includes any one of the following; midline cervical tenderness, altered mental status, focal neurologic deficit, evidence of drug or alcohol intoxication, or presence of other injury considered painful enough to distract from neck pain. Imaging is indicated whenever any of the NEXUS criteria are met, however the most appropriate type of imaging (radiography, computed tomography [CT] and/or magnetic resonance imaging [MRI] ) is sometimes uncertain.
Hanson et al 2 published a risk stratification criteria which has been widely used to determine which patients are at higher risk of injury (defined as at least 5%) and therefore CT rather than radiography may be indicated. The Hanson criteria was positive when any of the following criteria were met: significant closed head injury (or intracranial haemorrhage seen on CT), neurological symptoms or signs referable to cervical spine, pelvic or multiple extremity fractures, high speed (>56 kph combined impact) motor vehicle accident, crash with death at scene, fall from height of greater than 3 metres.
There have been substantial advancements in CT technology and increasing usage since 2000, with radiography being superseded in many centres. The current role of CT in excluding unstable injuries and determining which patients may need an urgent MRI has received little attention in the literature in recent years. 3 We report a retrospective series of adult patients undergoing CT and MRI for suspected cervical spine trauma in the emergency department, to evaluate the performance of CT in delineating acute cervical spine injuries.
Subjects and methods
Patients were identified via a retrospective search of the radiology information system database. The database contained all radiological examination from three major public emergency departments. We included patients aged at least 16 years old, with CT and/or MRI performed for suspected blunt acute cervical spine trauma. The indications for each study were confirmed by reviewing the clinical data on the referral (in order to exclude patients referred for nontrauma indications).
The study period was from 1 January 2011 to 30 June 2011 for all CT examination for cervical spine. CT diagnostic yield, rate of concomitant CT brain examination, adherence to NEXUS and Hanson criteria was reviewed. The majority of this patient group did not undergo MR imaging.
Another group of patients with MRI cervical spine performed for neck injuries were reviewed from 12 January 2010 to 22 June 2012. The images from all MRI examinations and the correlative CT examinations were retrospectively reviewed by a consultant radiologist and a radiology registrar. Each case was reviewed by both authors, and consensus determination of no traumatic abnormality, stable traumatic abnormality, or unstable traumatic abnormality. The diagnostic performance of CT performed in this group of patients with reference standard of MRI for unstable injuries were calculated. 
Imaging protocol
CT Helical acquisition was made from above C1 to below T2. Reconstructions were performed by 2 mm contiguous slices in axial, coronal and sagittal planes. Six different CT scanners from 3 proprietors (GE, Phillips and Toshiba) of 16, 64 and 128 slice were used. MRI was performed with sagittal Short TI Inversion Recovery (STIR), T1 and T2 weighted imaging; axial 3D T2 weighted imaging and gradient recalled echo (GRE) Siemens Magnetom Symphony, 1.5 T.
Statistical analysis
The sensitivity and specificity of CT in confirming or excluding an unstable injury was calculated using MRI as the gold standard and reported with 95% confidence intervals (CI). Assistance was provided by a staff statistician (EP).
Results

Patient demographics
Data relating to the patient cohort undergoing CT cervical spine for suspected trauma over a 6 month period was shown in Table 1 . The mean age of the cohort was 60 years old. There was a slight male predominance (55%). Combined CT brain and cervical spine was performed in 76% of the patients. 98% of patients fulfilled the NEXUS criteria while 31% of the patients fulfilled the Hanson criteria.
Diagnostic yield of CT examination
Acute cervical spine trauma was identified on CT in 35 of 783 patients (4.5%) (predominantly cervical spine fractures). Of these 35 patients, 24 (69%) met Hanson criteria (Table 2) . The remaining 11 patients with CT confirmed trauma (31%) did not fulfill the Hanson criteria. Of these 11 patients, all were managed non-operatively with no unstable injuries, and 10 out of those 11 patients were aged at least 62 years. (Table 3 ). An unstable injury was identified on MRI in 26 patients, stable injury in 72 patients, and no injury in 108 patients. All of the patients with an unstable injury confirmed on MRI had an abnormal CT (100% sensitivity, 95% CI 87% to 100%) While the unstable nature of the injury was not necessarily recognised on CT, there was an identifiable acute abnormality in every case. Unstable ligamentous injuries without fracture demonstrated 
Diagnostic performance of CT with reference standard of MRI in detection of cervical spinal cord injury
Between 1 January 2010 and 30 June 2012, 206 patients underwent both MRI and CT cervical spine examinations for trauma
Discussion
Nearly all of our patients met the NEXUS criteria for imaging (98%). Our emergency department has been increasingly referring patients for CT rather than plain film, often in the absence of high clinical suspicion and often in older patients and when CT brain is also required for co-existing head injury (76%). The Hanson criteria has been used for triaging patients to CT rather than plain film based on pre-test probability of trauma being 5%. The majority of our patients (69%) undergoing CT cervical spine did not meet the Hanson criteria. It is well known that older patients suffer cervical spine fractures after much lower energy trauma 6 and the individual patient risk of trauma can be difficult to predict. 7 There is obviously no chronological age at which one becomes 'elderly' or 'old' and at higher risk for cervical spine trauma, however this is often arbitrarily considered in the literature anywhere from 60-80 years of age.
We found a substantial number of patients with CT confirmed cervical spine trauma (11 out of 35) despite not meeting the Hanson criteria (Table 2) . Of the 11 patients with confirmed trauma not meeting Hanson criteria, none had an unstable injury, and they were all predominantly older patients. All patients with unstable injuries met the Hanson criteria. Our classification of unstable injury was partly determined by operative management, and therefore may not have correctly classified some patients with clinically unstable injuries who were managed without surgery, due to patient preference or severe medical co morbidities preventing surgery.
Determination of adherence to the Hanson criteria was confounded by difficulty in accurately determining the mechanism of injury (i.e. un-witnessed fall at home) and non-standardised referral clinical data. A report from Bailitz et al 8 also found cervical spine trauma is not uncommon in older patients at low clinical risk.
When compared with the MRI as the reference standard, a 'normal CT' has a high sensitivity (100%; 95% CI 87-100%) in excluding an unstable cervical spine injury. Careful review of the soft tissue axial and sagittal reconstructions is very important, as subtle para-vertebral fat stranding may herald a ligamentous and potentially unstable injury, even in the absence of fracture (Figure 1 ).
CT has a relatively low accuracy at detecting 'stable' ligamentous injury in the absence of fracture. This may be related to radiologist equivocation, for example minor listhesis due to degenerative spondyloarthopathy reported as possible ligamentous injury. We defined soft tissue abnormality on CT as detectable based on consensus after reviewing the original radiologist report and review of the CT and MRI. This potentially increased the number of patients classified as 'abnormal' CT and abnormal MRI, with subtle CT findings better appreciated in retrospect (much better appreciated on MRI). In our series, there were no patients with an unstable injury on MRI and a CT originally reported as normal (prior to MRI being performed).
Correlative soft tissue abnormalities (such as streaky fat stranding) on CT are sometimes only visible in retrospect after reviewing the MRI in cases of minor (stable) ligamentous injury. Disc herniations are usually visible on CT and if they correlate with acute neurological symptoms, may warrant urgent neurosurgical review. In the absence of neurological deficit and with positive equivocal soft tissue findings on CT, clinical assessment alone determines the need for urgent MRI. We have not analysed the use of dynamic flexion and extension radiographs in this review; these studies are sometimes performed at our institution, however are less useful in the acute setting due to muscle spasm.
Advances in CT technology now allow diagnosis of many cervical spine soft tissue injuries which in the past could only be seen on MRI. In our experience, helical CT with fine slice coronal and sagittal bone algorithm reconstructions allow detection of subtle fractures previously occult on axial CT or plain radiography.
With advancement of technology and reducing radiation dose with CT cervical spine, it is likely that CT will gradually replace radiography in evaluation of patients with cervical spine injury. CT examination had high sensitivity in excluding unstable cervical injuries.
Conclusion
Compared with the MRI gold standard, a 'normal' CT examination has a very high sensitivity in excluding an unstable cervical spine injury. The soft tissue CT reconstructions must be very closely assessed, as abnormalities can be subtle. 
